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Today’s presentation

• SARS CoV2/COVID-19 sample management
• sample collection, shipment and  storage

• Biosafety guidance on COVID-19 biosafety

• Questions  
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Overview of Sample Management

• Sample management is a part of process 
control, one of the essentials of a quality 
management system. 

• The quality of the work a laboratory 
produces is only as good as the quality of 
the samples it uses for testing. 

• The laboratory must be proactive in 
ensuring that the samples it receives meet 
all of the requirements needed to produce 
accurate test results.

• Sample management components 
• information needed on requisitions or forms

• handling urgent requests 

• collection, labeling, preservation and transport 

• safety practices (leaking or broken containers, 
contaminated forms, other biohazards) 

• evaluating, processing, and tracking samples

• storage, retention, and disposal. 
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Interim WHO 
guidance: 
Laboratory testing for COVID-
19

https://apps.who.int/iris/bi
tstream/handle/10665/331
501/WHO-COVID-19-
laboratory-2020.5-
eng.pdf?sequence=1&isAll
owed=y

02/12/2021 4

https://apps.who.int/iris/bitstream/handle/10665/331501/WHO-COVID-19-laboratory-2020.5-eng.pdf?sequence=1&isAllowed=y


Laboratory testing for COVID-19
• Nucleic acid amplification 

tests (NAAT) 

• Rapid Antigen detection

• Serological testing
• Rapid diagnostic test (RDT)
• ELISA
• Neutralization assay
• Chemiluminescent immunoassay

• Viral sequencing

• Viral culture
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Specimens 
to be 
collected 
from 
symptomatic 
patients 
and 
contacts

02/12/2021 6



Specimen collection and shipment
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Specimen Collection
Swab Specimen Collection
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Nucleic acid amplification 
tests (NAAT) for COVID-19 
virus
• Routine confirmation of cases of 

COVID-19 is based on detection of 
unique sequences of virus RNA by 
NAAT 

• real-time reverse-transcription 
polymerase chain reaction (rRT-PCR) 
with confirmation by nucleic acid 
sequencing when necessary. 

• The viral genes targeted so far 
include the N, E, S and RdRP genes. 

• RNA extraction should be done in a 
biosafety cabinet in a BSL-2 or 
equivalent facility. 

https://www.who.int/docs/default-source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2

The sensitivities of the tests to individual genes are 
comparable according to comparison studies except the 
RdRpSARSr (Charité) primer probe, which has a slightly lower 
sensitivity likely due to a mismatch in the reverse primer
.J Clin Microbiol. 2020;JCM.00557-20. Published online April 8, 2020. doi:10.1128/JCM. 00557-20
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Interpreting rRT-PCR Tests POS
.

POS
.

I.C. NEG
Repeating test with 1 to dilution of the extract 
and/or re-extraction or re-sampling

I.C. NEG
Repeating test with 1 to dilution of the extract 
and/or re-extraction or re-sampling

NE
G.

POS. of one target
Repeat the test

POS. of one target
Repeat the test
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Detection of SARS-CoV-2 in different 
types of clinical specimens

• data suggest the sensitivity 
of the COVID19 RT-PCR :
• 32% for oropharyngeal, 

• 63% for nasopharyngeal 
(NP) 

• It was reported Pharyngeal 
washing has the same 
sensitivity ?? 

• 73% for sputum samples

• 93% for tracheal aspirates/ 
bronchoalveolar lavage 
(BAL)

• Saliva ??

• False-negative results 
mainly occurred due to 
• inappropriate timing of 

sample collection in 
relation to illness onset 

• deficiency in sampling 
technique, especially of 
nasopharyngeal swabs. 

• Specificity of most of 
the RT-PCR tests is 
100%

JAMA. doi.org/10.1001/jama.2020.3786
02/12/2021 11



False-Negative Rate of RT-PCR–Based SARS-CoV-2 Tests by Time Since Exposure

• Over the 4 days of infection before the 
typical time of symptom onset (day 5), 
the probability of a false-negative result 
in an infected person decreases from 
• 100% (95% CI, 100% to 100%) on day 

1 
• 67% (CI, 27% to 94%) on day 4 

• On the day of symptom onset, the 
median false-negative rate 
• 38% (CI, 18% to 65%) on day 5 
• decreased to 20% (CI, 12% to 30%) on 

day 8 
• then began to increase again, from 

21% (CI, 13% to 31%) on day 9 to 66% 
(CI, 54% to 77%) on day 21.
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Viral load kinetics, seroconversion and clinical observations in individual

Nature 581, 465–469 (2020)

• Pharyngeal virus shedding was very high 
during the first week of symptoms 
• peak at 7.11 X 10e+8 RNA copies / 

throat swab, day 4. 
• Infectious virus was readily isolated from 

throat- and lung-derived samples, but 
not from stool samples in spite of high 
virus RNA concentration.

• Blood and urine never yielded virus.
• Shedding of viral RNA from sputum 

outlasted the end of symptoms.
• Seroconversion occurred after 6-12 

days, but was not followed by a rapid 
decline of viral loads.

• Asymptomatic persons seem to shed 
virus longer than symptomatic ones and 
show weak immunologic reaction than 
to symptomatic one. 
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Serology-based tests for COVID-19

• Serology testing for SARS-CoV-2 is at increased demand in 
order to better quantify the number of cases of COVID-19

• including those that may be asymptomatic or have recovered. 

• Serology tests are blood-based tests 

• be used to identify whether people have been exposed to 
SARSCoV-2

• In contrast, the RT-PCR tests currently being used globally to diagnose 
cases of COVID-19 can only indicate the presence of viral material during 
infection and will not indicate if a person was infected and subsequently 
recovered.

• Serological diagnosis also is becoming an important tool to 
understand the extent of COVID-19 in the community and to 
identify individuals who are immune and potentially 
“protected” from becoming infected.
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Description of types of serology 
assays

Rapid diagnostic 
test (RDT)

• a qualitative 
(positive or negative) 
lateral flow assay

• can be used at point 
of care (POC)

ELISA

• qualitative or 
quantitative

• generally a lab-
based test

• most frequently 
test

Neutralization assay
Chemiluminescent
immunoassay

• This test relies on 
patient antibodies to 
prevent viral infection 
of cells in a lab setting

• Neutralization assays 
depend on cell 
culture, a lab-based 
method of culturing 
cells that allow SARS-
CoV-2 growth (like 
VeroE6 cells)

• typically quantitative, 
lab-based

• uses whole blood, 
plasma, or serum 
samples from patients

• The test relies on 
mixing patient samples 
with a known viral 
protein, buffer 
reagents, and specific 
enzyme-labeled 
antibodies that allow a 
light-based, 
luminescent read-out.
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https://www.centerforhealthsecurity.org/resources/COVID-
19/serology/Serology-based-tests-for-COVID-19.html#sec1
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Antibody responses to SARS-CoV-2 in patients with COVID-
19

• Within 19 days after 
symptom onset, 100% of 
patients tested positive for 
antiviral IgG.

• Seroconversion for IgG and 
IgM occurred 
simultaneously or 
sequentially. 

• Both IgG and IgM titers 
plateaued within 6 days 
after seroconversion.

02/12/2021 17



Interpreting Diagnostic Tests for 
SARS-CoV-2

• IgM and IgG seroconversion occurred in all patients 
between the third and fourth week of clinical illness 
onset.

• IgM begins to decline and reaches lower levels by week 
5 and almost disappears by week 7.

• IgG persists beyond 7 weeks.

• combined sensitivity of PCR and IgM ELISA directed at 
nucleocapsid (NC) antigen was 98.6% vs 51.9% with a 
single PCR test.

• During the first 5.5 days, quantitative PCR had a higher 
positivity rate than IgM

• whereas IgM ELISA had a higher positivity rate after day 
5.5 of illness

• majority of AbS are produced against the most 
abundant protein of the virus, which is the NC. 

• antibodies to NC would be the most sensitive.

• RBD-S protein is the host attachment protein, and 
antibodies to RBD-S would be more specific and are 
expected to be neutralizing

• cross-reactivity with SARS-CoV and possibly other 
coronaviruses

JAMA. 2020;323(22):2249-2251. 
Doi:10.1001/jama.2020.8259

• Most of the available data are for adult populations who are not 
immunocompromised. 

• The time course of PCR positivity and seroconversion may vary in 
children and other groups, 
• including the large population of asymptomatic individuals who 

go undiagnosed without active surveillance
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WHO biosafety 
guidance 

https://apps.who.int/iris/
handle/10665/332076
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Risk Assessment: COVID-19 hazard 
assessment clinical/lab procedures 
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Risk Assessment: COVID-19 residual risk post-mitigation 
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Sample collection, identification and 
packing

Source: Paul Bloxham/WHO
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Sample transport (external)
• Patient specimens from 

suspected or confirmed cases 
should be transported as 
UN3373, “Biological 
Substance Category B”. 

• Viral cultures or isolates 
should be transported as 
Category A UN2814, 
“infectious substance, 
affecting humans”

Source: WHO laboratory biosafety manual 4th Ed.
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Questions?
Prof. S.A. Nadji

Email: s.a.nadji@sbmu.ac.ir
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